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bDWRFYZQ -Centaurium erythraea ]F\W4 U_ F TDXUSUWFV FWX
^PFZTFSCVCcUSFVVQFRRZFSRUdD^VFWR_^DSUD_ePUSPPF_FeUXDZFWcDC\fUCVCcUSFV
FSRUdURQ5 gPD TFUW CfEDSRUdD C\ ^ZD_DWRDX _RYXQ eF_ RC D_RUTFRD cDWDRUS FWX
^PQRCSPDTUSFV XUdDZ_URQ C\ SDWRFYZQ eURPUW RPD `FVaFW ODWUW_YVF5 hURP RPFR
^YZ^C_D _DDX SCVVDSRUCW C\ WFRYZFV SDWRFYZQ ^C^YVFRUCW_ eF_ D_RFfVU_PDX5 gPD
_RYXQUWSVYXDX30^C^YVFRUCW_C\C. erythraeaFTCWcePUSP3.CZUcUWFRDX\ZCT
RPD `FVaFW ODWUW_YVF5 MCVDSYVFZ TFZaDZ RDSPWUjYD_ _YSP F_ ]kOl -]FWXCT




SCWRFTUWFRUCW by DoRZFWDCY_ lmk5 gC FSjYUZD _Y\\USUDWR UW\CZTFRUCWFV
SPFZFSRDZ_.KXDSFTDZUS^ZUTDZ_eDZDF^^VUDXUW]kOlF__FQ_ePUSP^ZCXYSDX
31LXU\\DZDWROb]^ZCXYSR_ePUVDg]kOF__FQ_UWSVYXDXRPDSCTfUWFRUCW_C\3
_^DSU\US FWX 0 FZfURZFZQ ^ZUTDZ_ ZD_YVRUWc UW /K/ \ZFcTDWR_ C\ lmk5 q^DSU\US
^ZUTDZ_ Y_DX \CZ g]kO FWFVQ_D_ eDZD SCW_RZYSRDX FSSCZXUWc RC RPD ]mk
_DjYDWSD__PCeUWcPUcPPCTCVCcyeURPlmk_DjYDWSD_^YfVU_PDXUWDVDSRZCWUS
XFRF fF_D_ \CZ \CVVCeUWc DW[QTD_: cDZFWUCV .1-PQXZCoQVF_D SQRCSPZCTD O3M1
ZDXYSRF_D FWX _DSCVCcFWUW _QWRPF_D5 rCVDSYVFZ TFZaDZ_ ^ZCdUXDX F PUcP
^DZSDWRFcDC\^CVQTCZ^PU_T5gPDUW\CZTFRUdDWD__C\_UWcVD^ZUTDZ_-]kOl4C\
^ZUTDZ SCTfUWFRUCW_ -g]kO4 eF_ SCW\UZTDX fQ dFZUCY_ ^FZFTDRDZ_5 LCe
eURPUW-^C^YVFRUCWcDWDRUSdFZUFfUVURQC\WFRYZFV^C^YVFRUCW_C\SDWRFYZQSCYVXfD
Do^VFUWDX fQ RPD PUcP VDdDV_ C\ _DV\UWc CZ cDURCWCcFTQ UW RPD ^ZCSD__ C\
\DZRUVU[FRUCWFWXfQ_RZCWccDWDRUSXZU\R5lYDRCRPD \FSRRPFRSDWRFYZQcZCe_ UW
_TFVV\ZFcTDWRDX^C^YVFRUCW_FWXRPFRcDWD\VCefDReDDWRPDT^ZCfFfVQXCD_
WCR DoU_R F PUcP cDWDRUS XU\\DZDWRUFRUCW C\ FWFVQ[DX ^C^YVFRUCW_ eF_ Do^DSRDX
FWX RPU_ eF_ SCW\UZTDX fQ TCVDSYVFZ TFZaDZ_5 rCZDCdDZ TCVDSYVFZ TFZaDZ_
Summary 
 





CZUcUW5 vXDWRU\USFRUCW FWX jYFWRU\USFRUCW C\ _DSCWXFZQ TDRFfCVURD SCT^CYWX_
_DSCUZUXCUX cVQSC_UXD_ PUcPVQ SCWRZUfYRDX RC RPD D_RUTFRUCW C\ XUdDZ_URQ C\
SDWRFYZQ^C^YVFRUCW_ UW RPDFWFVQ[DXZDcUCW5kXCTUWFWR_DSCUZUXCUXcVQSC_UXD
UWFDZUFV^FZR_C\^VFWR_cZCeWYWXDZcZDDWPCY_DSCWXURUCW_eF__eDZRUFTFZUW
ePUSP ^CUWRDX RC RPD UWRDZ^C^YVFRUCW dFZUFfUVURQ C\ SDWRFYZQ5 wYZRPDZTCZD F
_UcWU\USFWR SCZZDVFRUCW fDReDDW RPD _DSCUZUXCUX cVQSC_UXD_ SCWRDWR FWX cDWDRUS
_UTUVFZURQ C\ ^C^YVFRUCW_ PF_ fDDW CfRFUWDX RPCYcP F PUcPDZ SCZZDVFRUCW eF_
ZDSCZXDX\CZg]kOTFZaDZ_5gPDcDWDRUSFWX^PQRCSPDTUSFVXUdDZ_URQD_RUTFRUCW
C\ SDWRFYZQ \ZCTRPD`FVaFWPDWUW_YVF^ZCdUXD_FfF_U_ \CZ \YRYZDfUCXUdDZ_URQ
SCW_DZdFRUCW D\\CZR_ FWX FV_C \CZ PUcP-^ZCXYSRUdD cDWCRQ^D _DVDSRUCW FWX \UDVX
^ZCXYSRUCWUT^ZCdDTDWR5
Key words:Centaurium erythraea, `FVaFWODWUW_YVFPFfURFR \ZFcTDWRFRUCW
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depression) (Templeton, 1986; Waser, 1993 Fenster  Dudash, 19944 
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Fragment Lenght Polymorphism), RAPD (&&
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1.6.1.  RAPD 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!5:Quantitative Trait Loci, QTL)5
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 -)5 Crawford 
 5 19934  !
	
 ()5 Dean  Arnold, 19964 D%F$ED
CCF -)5 Hsiao  Rieseberg, 19944 FCEF &FDF DF+ F
D)DE)CF-)5Hormaza 51994))F +C&CC&F-)5
Gourmet  Rayburn, 19964 )CFFF D&F C)C*DF -)5 Fritsch  
Rieseberg, 1992) &DDF CF  $ED !DDC! DDF
-)5Gustafsson  Gustafsson, 1994)C)FFD&FF)C)F$CD
-)5 Roelofs  Bachmann, 19954  &D*D %DD$EF$ED -)5
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211M4 Ocimum basilicum (De Masi  5 2006) Gentiana pannonica
(Hofhanzlová  Fér 2008) Scutellaria baicalensis (Su  5 20084 

CF Cymbopogon (Sangwan  5 2001)  Echinacea (Kapteyn  5
21124
+#+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(Song  5 1995; Cronn  5 1999; Soltis  Soltis 2000; Liu  Wendel 
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1983; Felber, 1991; Bretagnolle  Thompson, 1995; Ramsey  Schemske, .NNL4
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$E (Soltis  Soltis, 2000; Wendel, 2000; 
Adams  Wendel, 211345
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1: ), ), 	), 
) 	
C. erythraea 
   – a 
	a (Episyrphus balteatus) 
Brys  !""	C. erythraea 
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 -K4 !+ $&+ $ (Van Rossum
2009a) 	
  M1-/1 $
 -Brys  Jacquemin 21..4 - 1-*45
>
 
 	 	     
&




































 ) 	 












1.9.2.  '&# 
I$-Centaurium erythraea)))Centaurium Hill, ./MK 
)$ Gentianaceae5 , %$	 %&	
 Gentianaeceae 
):Endlicher -.L0L4Grisebach (18394 Bentham  Hooker -.L/K)  





$& )$& (Zeltner, .N/1 Mészàros, 1994; Struwe  5
1994; Mészàros  5 1996)   &CDF& ))& -Yuan  
Küpfer, 1995; Chassot  5 2001; Yuan  5 21104 & 	























! ))  $+ )




  K &%
+  -Chironieae, Exaceae, Gentianeae, 
Helieae, Potalieae  Saccifolieae45 9 Chironieae 	
  !)  2K





   &%



































)+  ))+  !  (Zeltner, .N/145



















(Ubsdell .N/Ka .N/Kb .N/N Guggisberg  5 2006)   )	
)
# 	








&& ))& (Zeltner, .N/1; Melderis, .N/2; Pringle, .NL/










*  -)5 Grisebach, 
1839; Gilg, 1895; Melderis, 1931; Robyns, 1954; Hegi, 1966; Zeltner, .N/145 
7 )		 %$	  Centaurium  	
 Melderis 
-.N0. .N/2). J   )
 $
: Centaurium erythraea ssp. 
erythraea Rafn, C. erythraea ssp. rumelicum (Velen.) Melderis C. erythraea 
ssp. turcicum (Velen.) Melderis. < & 	& 
Centaurium, Zeltner -.N/14 	













erythraea ssp. erythraea Rafn -
)– 4x), C. erythraea ssp. rumelicum 
(Velen.) Melderis () – 2x4  	
 	

 C. erythraea var. 






!  Centaurium )
# 















 (Zeltner, .N/1; Ubsdell .N/Kb4  )
&+
&
+(Mansion  Struwe, 2004;  Guggisberg 5211K45
 
2: # C. erythraea) $$
%
&Global Biodiversity Information Facility (GBIF, 2012). '$$
	 
$ – 	 &  $ * $ 	  +

















 Mansion   (Mansion  5 200545 
*&  
) 	
  )) 





 Global Biodiversity Information Facility (GBIF, 20124 	
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# ! &
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1.9.3.  $%" 
I$ 	
 ) 





$ 	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 -Grieve .N/.; Capasso  5 1983; Bisset,
1994;Tyler,1994; Beth,1995;Schultz52001;Kültür,211/;Tahraoui









(Grieve.N/.;Van Hellemont1986;Berkan 51991;Beth,1995;Newall 














    )  	
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 -Hatjimanoli  Debelmas,





























   




   &$
  &&











-Jensen 5.N/Mvan der Sluis
1985;   5 1986; Schimmer  Mauthner 1996; Valentão  5
2111 211245 
 ! &	 %!

	 (van der Sluis  Labadie 1981; Rodriguez  5 1995;
Kumarasamy  5 2003a 2110b; Šiler  5 21.14 +
))

(Kondo  5 .NN34 !)




























 -van der Sluis,
1985;JensenSchripsema200245
  





  ) !&  ) 	
 ) # 














7  #  !) 
+ #  
&    !
&
$ ))  + # 
)*


















































 NADPH-$+& P450 




& (Schwartz  5 2009)5 (& 
! 
- 3) 	 	












(Inouye, .N/1; Irmler  5 2000; Yamamoto  5 211145 I
  $
  )  -Takagi  Yamaki, 1982; 
Neshta 5.NL2.NL0; FVDWRC521112112Jensen  Schripsema, 
211245










































































































































































































  K2 &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  M    21M15 !
 -IRVIPR 200045
  )
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   + %!
!%+ 
! (Sarwat  5
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$ %$ C. erythraea '
. 
I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 # Kew Garden, 
Richmond?

























  a !







Kew Garden, Richmond, 
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3.1.2.  #%in vitro $

&
  ) 
  21  	&-
+)+ & )
 &  &  )









 Skoog .NK2) +#)!		
21g l-1 +

7 g l-1 ! -9  






















































































 /K1ml,  )&
)& &5  #
  !	

  	 +#	




2M ± 2 
	+)&












# N15  #
  !	
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 -K1 v/v4 $! )





































 oo . cm25 " 	
 + 33 
))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Plant Cytometry Services, Schijndel, 	5 
3.2.2.  ;$
$  -21-M1 mg)  
 & 














 Mm Hepes, 






 M1m KCl 
 12Triton X-100, 
 1.DTT -
4 






















































 .M-01 & $	






 	 )  	




<I   	
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$ 
( 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! ) OSRAM HBO 100 long life, 
$$& %
&:


















$	   !: Flomax, ver. 2.4d (Partec GmbH, Münster, 
<
&45 I <I ) 
	 	
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 &% CTAB &









:21mM Na-EDTA, .11mM Tris-HCl.3M NaCl 
2 -w/v) CTAB -$
 &
























-1Mml4)12Mml 3  NaCl 1/Mml 
))  
































&   ) M μg ,<"
 -) " Fermentas, Vilnius, 



















&  . !& !
&  )
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		 5 <   )$ -"4               








: "2K1201 – 
 &
  .K  "2K12L1 – 

&
  .L5 I%$	 <I 	
 
*
 )$&  2K1 nm 
%&&: 
<I$
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 &























! )!& PCR 
)5 9



























 .11 ng <I  
 .+(NH4)2SO4 
$)%
-Fermentas Vilnius, 	4 

























 #	  	
 ))$	 
 C. 
littorale. 6  ) ))$	 





















OPA 04 5’-AATCGGGCTG-3’ 
OPB 04 5’-GGACTGGAGT-3’ 
OPB 11 5’-GTAGACCCGT-3’ 
OPB 15 5’-GGAGGGTGTT-3’ 
OPB 17 5’-AGGGAACGAG-3’ 
OPB 18 5’-CCACAGCAGT-3’ 
OPC 19 5’-GTTGCCAGCC-3’ 
OPF 05 5’-CCGAATTCCC-3’ 
OPF 14 5’-TGCTGCAGGT-3’ 
OPH 01 5’-GGTCGGAGAA-3’ 
OPH 14 5’-ACCAGGTTGG-3’ 
OPO 02 5’-ACGTAGCGTC-3’ 
OPO 03 5’-CTGTTGCTAC-3’ 
OPO 07 5’-CAGCACTGAC-3’ 
OPO 15 5’-TGGCGTCCTT-3’ 
OPT 14 5’-AATGCCGCAG-3’ 
 


















































 ) )&	 
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  PCR-& 





























3.4.1.4. %  $ # RAPD-
 PCR $
,	







& -$: Compact L Whatman, Biometra GmbH, 
Goettingen, <





Tris, LN mM  




	&&&-1Mμg ml-1)  !

 












 -.11bp DNA Ladder 




















































)&  &C& (shotgun) 
$	& )&
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+ (G10h): GU168041 - Swertia mussotii), AJ251269 -
Catharanthus roseus4  HM187585 - Picrorhyza kurroa45 <  +



































$  	 
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$& AB086169 - Ophiorrhiza pumila)5 7	&
 Ce-
+;< 	
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   
 -)




  0 	 24 	
! 
  3  K 









 : < >%  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5 Ce-G10h 5’-GACATGCGTGGCAGAGAC-3’  
Ce-+;< 5’-GAGGGGCCACAGAAGGAA-3’  





5 Arb1 5’-GACTGCGTACGAATTAAT-3’ Li  Quiros, 211. 
Arb2 5’-GACTGCGTACGAATTTGA-3’ Li  Quiros, 211. 














)%33 ))$	e C. erythraea#		
))$	
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 &$	 	  )
#










 .1 μl 
	
: 
 K1 ng <I 
 .+(NH4)2SO4 
$)%
-Fermentas Vilnius, 	4 
 2MmM MgCl2 




-Fermentas Vilnius, 	) 
 .pmol )
$%!)	&
-Invitrogen, Carlsbad, CA, ") 
 10 pmol !)	&






















 PCR-& peqSTAR 96 Universal Gradient 
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& )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 )




























&  Agilent DNA 7500 Kit )& )&
Agilent 2100 Bioanalyzer 
& (Agilent Technologies, Santa Clara, CA, 
"4 )































3.4.3.  +'#"RAPD 
  TRAP 
" %!%	 	
+ ? &$	& RAPD 
%!&
  !& !
&    




& TotalLab TL120 1D v2009 (Nonlinear 
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%&AvIb )%&: AvI , !
 
n )




 	 & )	&
 	5 &$	
 )	&
 Rp, (resolving 
power, )
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& Powell 
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 (Numerical Taxonomy and Multivariate Analysis System, ver. 2.11Q, 
Exeter Software, S@tuket, NY, ", Rohlf, 2110)5 
(% =! 
%$	














































































!5: cluster analysis)   +
-
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